Structural elements of the mitochondrial preprotein-conducting channel Tom40 dissolved by bioinformatics and mass spectrometry.
Most mitochondrial proteins are imported into mitochondria from the cytosolic compartment. Proteins destined for the outer or inner membrane, the inter-membrane space, or the matrix are recognized and translocated by the TOM machinery containing the specialized protein import channel Tom40. The latter is a protein with β-barrel shape, which is suggested to have evolved from a porin-type protein. To obtain structural insights in the absence of a crystal structure the membrane topology of Tom40 from Neurospora crassa was determined by limited proteolysis combined with mass spectrometry. The results were interpreted on the basis of a structural model that has been generated for NcTom40 by using the structure of mouse VDAC-1 as a template and amino acid sequence information of approximately 270 different Tom40 and approximately 480 VDAC amino acid sequences for refinement. The model largely explains the observed accessible cleavage sites and serves as a structural basis for the investigation of physicochemical properties of the ensemble of our Tom40 sequence data set. By this means we discovered two conserved polar slides in the pore interior. One is possibly involved in the positioning of a pore-inserted helix; the other one might be important for mitochondrial pre-sequence peptide binding as it is only present in Tom40 but not in VDAC proteins. The outer surface of the Tom40 barrel reveals two conserved amino acid clusters. They may be involved in binding other components of the TOM complex or bridging components of the TIM machinery of the mitochondrial inner membrane.